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~34E MOLECULAR CHARACTERIZAT ION OF SODIUM CARBOXYMETHYICELLUIOSE
Paul Doty and Nathaniel Schneider

A light scattering and viscosity study has been made on &n ”‘
unfractionated sample of sodium carboxymethylcellulose (NaCMC), having
1.15 carboxymethyl groups per glucose unit, with the aim of (1) charact-
erizing the stiffness of the molecule and the effect of electrostatic

forces on the extenslion of the cellulose chain, (2) examining the

relation between the molecular size and the intrinsic viscosity, (3)
determining whether the Donnan effect accounts satlsfactorily for the
second virial coefficient.

Light scattering and viscosity measurements wers carried out
on NaCMC in 0.5, 0.05, and 0.01 M NaCl. The refractive index increment,
determined in 0,5 M NaCl at‘k.- 4360 R, was 0.0776 giving a value of
9.80 x 10~2 for K which occurs in the well-known equation: A

1 -

P(9) %9' = < + 2BP(8)c .
° B

After & 90 minute centrifugation at 80,000 g, the scattering was E ¥
measured over the range of 30° to 1358° at four concentrations and ; .
the results evaluated by means of a Zimm plot. Such a plot is shown
in figure 1 for the case of 0.05 M ¥aCl. The reclprocal of the

intercept gives the molecular weight (M) directly while the second 'E.a

virial coefficient (B) 1s obtained from the 3love of the zero angle ‘4

1ine and the mean end-to-end dietance (R) from ihe limiting slope cf

the zero concentration line.

¥olarity Mkolecular R R =21 B x 10°

of NaCl weight R(R) T /or /[q7 P saic™ 10 Expt. Calc.
0.5 177,000 2410 0.46 75 7.03 0.17 g:g‘é 7.7
0.05 173,000 2590 0.50 8%  10.1 0.17 15.8 77
0.01 170,000 L100 0.59 97 15.9 0.14 576  FES
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Tne molecular weight 1s foind to be constant, within
probabdle experimental error, in the 1onic strength range studied.
This together with the normal concentration dependence of the scatter-
ing show that aggregation 1is absent.
The high degree of extension of the molecule can best be
aporeciated by comparing the end-to-end length with the contour lensth,
i.e. the length of the completely extended molecule, preserving the
normal valence angle. The contour length 1s obtained by multiplying
the degree of volymerization by the length of the vrojection of the
reneating unit on the direction of the chain. Since NaCMC has a
broad distribution of molecular w:izhts resulting from a random degre-
dation nrocess, we must take account of the fact that the light scatter-
ing molecular weight is a welght average but the end-to-end distance
s a z-average and must be compared with the contour length calculated
from the z-averaue molecular weight. The distribution appropriate to
a random degredatlion process gives a ratlo of “w to Mz of 2 to 3.
Thus, we obtain a value of lz = 260,000 and Lz = 5280 f from which
the ratios of R to L 1isted in the table have been obtained. These
values show that the NaCMC molecule, in this range of lonic strength,
is about hal‘ ~vtended and, therefore, deviates markedly from the
Gaussinn coil usually assumed for polymer molecules. The degree of
oxtension is net, however, greatly different from earller, less accur:.ie
measzurements on cellulose derivatives. In'particular, the value of (i«

ratio _5_, o useful index of chain stiffness, 1s 75 for NaCMC in 0.5 N

VDF

NaCl. This may be compared with a value of 40 for cellulose nltrate

] 2
in acetone , a value of about 40 for cellulose acetate in acetone ,

1. Badger and Blaker, J. Phys. Colloid Chem. 595, 1056 (1249)

g@;;;&tein and Dotw, J.A.C.S. €8, 159 (1946)
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and a value of 10 for polystyrene in toluenes, all values being for
the same DP as NaCMC. Thus, the present measurements confirm the
earllier conclusion that cellulose is au‘ery‘stiff molecule and indicate
that the extension of NaCMC is somewhat greater than in the uncharged
derivatives.

In keeping with the conclusion that NaCMC is a highly

extended non-Gaussian coil, the angular soattering envelope at zero

concentration in all the Zimm plots i3 not a stralghtline, as heretofore

was found for all polymers, but shows a distinct downward curvature.
This type of curve, 1lying intermediate between that for a Gausslan coil

and that for a rod, is just what would be expected for a non-Gaussian

coil. The curvature has bearing on the comparisons made 1n the preceed-

ine paragraph since it inlicates that dissymmetry is not an adequate
characterization of the molecular size. For example, from the dlssym-
metry for NaCMC in 0.05 N NaCl a value of R = 1650 R 1s obtained while
the *1imiting slope of the zero concentration line gives a value of
2590 X. Consequently, the earller values for the molecular size in
cellulose derivatives, based on dissymmetry measurements, should be

highér giving results c&pseﬁgto those for NaCMC. It is also imeptant

to point out that the limiting slope of the zero concentration curve

L

is a direct measure of the radlus of gyration and not the end-to-end
distance. The two quantities are related by a factor of\/g for the
Gaussian coil and by a factor of Y12 for the rod while for a non-

Gaus3sian coili the value of the factor must vary continuously between

these two limits. The use of the proper factor in the present work

would lead to somev.aat larger values‘3§hthe mean end-to-end distance,

3. B. H. Zimm, J. Chem. Phys. 16, 1099 (1948)




e o e el

vl

but this has not been attempted &nd the values reported are actually
V3 times the radius of gyration.

Like the end-to-end distance, the intrinsic viscosity. [ﬁ_7,
was found to increase with decreasin~ lonic strength As shown in
Figure 2, é§;7 varies as the inverse square roob of the ionitc strength.
as previously demonstrated by Pals and Hermans4. An extranclation to
infinite fonic strength leads to a value of 5 70 for /W 7 wnich compares
closely with that of non-electrolytic celluloase derivativesz of the
same DP- This indicates that when the offlects of electrostatic inter-
action are removed in this manner, the molecular configursticn of
NaCMC is very similar to other cellulose derivatives

Flory and Fox have recently proposed the following e¢ouatlon
relating /9 / to R and M and have demonstrated its validity for poly-
styrene and polyisobutylene:

[n7 = BR°/M
where ¢ is a universal constant, equal to 2.1 x 1021. In a mors recent
papep5 this equation has been employed to measure R for fractions of
two cellulose triesters assuming that # remains unchanged for these
polymers. Since the values of R calculated by means af thne above
equation were only twice those expected for free rotation sooul the
glucosidi~ bonds, 1t was concluded that the stifimess of colluloge mole-
cules 1s a fiction. The viscosity and light scattering; measuremants on
NaCMC offer an opportunity to make & direct check on Flory's assumption
of the constancy of #. For NaCMC at three lonic strengths, the values
of @ recorded in the table are founé to be lowcr snan the estavlished
P —
4. Pals and Hermans, Rec- Trav. Chim. 71, 4335 (1.952)

5. Flory and Mandelkern, J.A.C.S. 74, 2517 (1052)




@S

value by = facter ef more than ten. This demonstrates the inapplicability
of this theory to such highly extended systems. Furthermore, the
absence of any internal inconsistency, which would indicate that the
theory was being misapplied, suggests the need for an independent

check on the parameters when this t reatment 1s extended o systems
widely different from polystyrene and polyiaobntylono.

Pinally, we come to & consideration of the seocond virial
coefficient (B). In the region of low jonic strength, where electro-
statie i{nteractions are the main contribution to B, 1t would be
expected that the Donnan term should account for the magnitude of
B and 1ts variation with lonic strength. However, the values of B in
the table indicate that the Donnan term gives the correct order of
magnitude oniy at high ilonic strength. With decreasing ionic strength,
the Donnan term increases far more rapidly than the experimental values.
Furthermore, the resilts plotted in Figure 2 demonstrate that the ionic
strength dependence is well repreeented by the inverse square root of
the ilonic strength rather than the inverse ionic strength as would be
anticipated from the Donnan term. The recent osmotic pressurse
measurements of B, at high lonlc strength, by Pals and 5.?!‘3!4 lead
to velues comparabla to those obtalned here. Wwhile the authors con-
cluded that the Dornan vorm adequately reprasentsd the variation of
B wit: ionic strength, the results do not actually permit = discriml-
nation between the above two typesof dependence ol ionio strength.

It appears, therefore, that the Donnan term alomne dces not adequately

~haracterize the electrcatatic {nteractions in this polyeleotrolyte

aystem,

{8
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Sumnary:

1) The present measurements on NaCMC confirm the concluslon that

cellulose is a stiff molecule and show that, except at high ionic

more extended than unchanged cellulose derivatives.

strength, NaCMC 1is
ficient is not an adequate measure of the

2) The dissymmetry coef
molecular size for non-Gaussian colls, such es the low molecular

However, the limiting slope of the

welght cellulose derivatives.
gives a direct measure of the radius of

angular envelope always

gyration, from which the end-to-end distance mey ve obtalned.

3) Direct evaluation of the constant, @, which ooccurs in the

nsic viscoslty equation indicates that this theory

Flory-Fox intri
highly extended polymers.

i1s not applicable to such
rial coefficlent indicates that

4) Examination of the second vi

the electrostatic interactions in thils polyelectrolyto system are

not well accounted for by the Donnan term alone.
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[ CMC IN 005 N NaCl

| (VALUES CORRECTED FOR

| BACK REFLECTION)
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